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ABSTRACT We conducted an integrative literature review of published studies on pesticide and
cancer exposure, focusing on farmers, rural population, pesticide applicators, and rural workers. The
Medline/PubMed was used as searching database. After the retrieval, 74 articles were selected accord-
ingto pre-established criteria, which design involved 39 case-controls, 32 cohorts, 2 ecological ones,
and 1 cross-sectional. Among them, 64 studies showed associations between pesticides and cancer
while 10 did not find any significant association. The studies found 53 different types of pesticides
significantly associated with at least one type of cancer and 19 different types of cancers linked to at
least one type of pesticide. Although few studies presented contradictory results, the sole fact of being
a farmer or living near crops or high agricultural areas have also been used as a proxy for pesticide
exposure and significantly associated with higher cancer risk. The literature well illustrates the case
of prostate cancer, Non-Hodgkin lymphoma, leukemia, multiple myeloma, bladder and colon cancers.
Studies are recommended to further investigate the relationship between pesticide and neoplasm
of testis, breast, esophagus, kidney, thyroid, lip, head and neck, and bone.

KEYWORDS Neoplasms. Agrochemicals. Occupational diseases. Review.

RESUMO Trata-se de revisdo integrativa da literatura sobre estudos publicados em relagdo a ex-
posicdo a agrotoxicos e cdncer, com foco em agricultores, populacdo rural, aplicadores de agrotoxicos
e trabalhadores rurais. A busca dos artigos foi realizada por meio do banco de dados Medline/
PubMed. Apds a triagem, 74 artigos foram selecionados de acordo com critérios pré-estabelecidos,
sendo 39 caso-controle, 32 coortes, dois ecoldgicos e um transversal. Desses, 64 estudos mostraram
associagdo entre agrotoxicos e cdncer, enquanto dez ndo encontraram associacdo significativa.
Nesses 64, 53 diferentes tipos de agrotéxicos foram significativamente associados com pelo menos
um tipo de cdncer e, inversamente, 19 diferentes tipos de cdncer foram associados a pelo menos
um tipo de agrotéxico. Embora alguns estudos tenham apresentado resultados contraditérios, ser
um agricultor ou morar perto de plantagdes ou de dreas densamente agricolas também tem sido
motivo para representar a exposi¢do a agrotoxicos e considerado significativamente associado a
um maior risco de cdncer. A literatura ilustra bem o cdncer de prostata, linfoma ndo-Hodgkin,
leucemia, mieloma multiplo, bexiga e cdncer de colon. Recomendam-se estudos que investiguem
mais a relacdo entre agrotoxicos e neoplasmas de testiculos, mama, eséfago, rim, tireoide, ldbio,
cabega e pescogo e 0sso.

PALAVRAS-CHAVE Cdncer. Agroquimicos. Doencas profissionais. Revisdo.
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Introduction

Pesticides are chemical substances or mixture
of substances also used in the public health
domain so to combat disease vectors, such as
mosquitoes, as in agriculture to combat pests
that harm crops'. Although they form the base
of modern agriculture, pesticides are associ-
ated with chemical contamination, which is
a complex public and environmental health
problem, especially in the rural area?3.

Most sprayed pesticides reach non-target
species and end up polluting air, water and
soil, soon contaminating the pesticide ap-
plicators, their direct family, as well as other
people living in agricultural areas, who
consume foods with high concentrations
of these substances4-é.

Studies have related exposure to pesticides
to cancer?, a chronic disease that is one of the
main causes of morbidity and mortality world-
wide, with over 14 million new cases in 20128.
In 2015, 8.8 million people worldwide died
due to malignant neoplasms, the equivalent
to one in six of all global deaths?.

Many review papers, available on Medline/
PubMed database under the search described
below, investigated the relation between
pesticide and cancer. However, they either
reviewed only (a) one type of cancer, (b) one
type of pesticide or chemical group, (c) one
study design or research group, (d) one age
range, or (e) a sole population. Therefore, the
aim of this study was to conduct an integra-
tive literature review of published studies on
pesticide exposure and cancer with a focus on
farmers, rural population, pesticide applica-
tors and rural workers, considering all cancer
types, agricultural pesticides, and age ranges.

Methods

Studies were retrieved from the Medline/
PubMed database (https://www.ncbi.
nlm.nih.gov/pubmed/advanced) using

Pesticide exposure and cancer: an integrative literature review

the following key words in English and
Portuguese: cancer OR carcinogenic OR
tumor OR cancer OR carcinogenic OR neo-
plasia AND pesticide OR herbicide OR in-
secticide OR fungicide OR organophosphate
OR agrochemical OR pesticide OR herbicide
OR insecticide OR fungicidal OR organo-
fosforados OR agrotoxicos OR agroquimico
AND farmers OR husbandman OR agricul-
turists OR agriculturalists OR agricultural
OR cultivator OR applicator OR agriculture
OR “rural people” OR “rural population”
OR “rural areas” OR “non-urban” OR rural
OR “trabalhador rural” OR agricola OR ap-
plicator OR “populacao rural” OR “areas
rurais” AND cohort OR “case-control” OR
“case control” OR transversal OR “medical
record” OR “ecological design” OR “eco-
logic design” OR “ecologic study” OR coorte
OR “caso-controle” OR “caso controle” OR
prontuario OR “delineamento ecologico”.

Original articles published between
August 2007 and August 2017 and examin-
ing the relationship between pesticides and
cancer were included in this review. Studies
were excluded whenever they (a) were not
related to farmers, rural population, agricul-
tural pesticide applicators, rural workers, or
to residents of areas with intensive use of
agricultural pesticides; (b) did not analyze
cancer or pesticide; (c) were reviews; (d)
analyzed pesticide intake through food; (e)
focused on analyses of biomarkers or dust;
(f) concerned genetic studies; (g) were not
written in English or Portuguese; or (h) had
a focus on methodology or protocol.

A primary screening of the titles and ab-
stracts was carried out in order to remove
records that fit the excluding criteria. A
second and deeper screening analyzed the
full text. After the evaluation, 74 studies
were chosen to compose the accepted
sample (figure I). The discussion was orga-
nized according to overall cancers and spe-
cific cancer types so as to better investigate
the relationship with pesticide exposure.
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Figure 1. Flowchart of the studies included in this integrative review
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Source: Own elaboration.

Results

The search on Medline/PubMed database
resulted in 167 papers, of which 74 were se-
lected for this study (chart I). Findings were
summarized according to individual cancer
types. Several specific pesticides were related
to increased risk of cancer and are listed
in chart 2. The vast majority of the papers

reviewed concerned to either case-control (39)
or cohort (32) studies. Only one study applied
a cross-sectional design and two others, an
ecological outline. Overall, 64 papers observed
arelationship between pesticides and cancer
while 10 could not find any significant positive
association. Chart 3 shows the registration
status of pesticides in the European Union,
the United States, and Brazil.

Chart 1. Summary of studies selected for this review

Cancer type Study design  Sample size Place/Country of study References

Bladder and colon Cohort 20,646 IA and NC, USA Koutros et al. (2009)72

Bladder Cohort 54,344 IA and NC, USA Koutros et al. (2016)73

Bladdera Cohort 148,051 France Boulanger et al. (2017)7

Brain Case-control 2,040 cases + 4,140 con- RJ, Brazil Miranda-Filho et al.

trols (2012)85

Brain Cohort 7734 RJ, Brazil Miranda Filho et al.
(2014)86

Breasta Case-control 207 cases + 621 controls Canada Ashley-Martin et al.
(2012)70

Cervical Case-control 33 cases +132 controls Wuhan, China Zhang et al. (2013)¢2

Cholangio carcinomaz  Case-control 210 cases + 840 controls Thailand Jeephet et al. (2016)63
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Chart 1. (cont.)
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Leukemia
Leukemia
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Liver
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Lung
Lung
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LHCe
LHCe
LHCe
Melanoma
MDSh
MM
MM
MM
MM
MM
NHLU

NHLU

Cohort
Cohort
Cohort

Case-control
Case-control
Case-control
Case-control
Case-control

Case-control

Case-control
Case-control

Case-control

Case-control
Cohort
Case-control
Ecologic
Case-control
Case-control
Case-control
Case-control

Cohort

Cohort

Case-control

Cohort
Case-control
Cohort
Cohort
Cohort
Case-control
Cohort
Cohort
Case-control
Case-control
Case-control

Case-control

Cohort

181,842
25,712

39,628 men + 28,319
women

421 cases + 439 controls
150 cases + 24,554 controls
5,782 cases + 5,782 controls
798 cases + 1,175 controls
798 cases + 1,175 controls

3,034 cases + 14,991 con-
trols

7 cases + 5 controls
316 cases + 1,506 controls

316 cases + 1,506 controls

252 cases + 423 controls
6,479,406

132 cases + 132 controls
Not applicable

M casos + 444 controls
213 cases + 268 controls
722 cases + 1,444 controls
281 cases + 20 controls

49,616

22,830

546 cases + 49,266 con-
trols

23,072

354 cases + 455 controls
37,099

76,493

21416

126 cases + 102 controls
2,992,166

49,093

342 cases + 1,506 controls
342 cases + 1,357 controls
547 cases + 2,700 controls

858 cases + 1,821 controls

56,222

France
IA and NC, USA
IA and NC, USA

Egypt

IA and NC, USA

RS, PR, SC, Brazil

IA, MI, MN, and WI, USA
IA, MI, MN, and WI, USA
CA, USA

Oklahoma, USA
6 provinces, Canada

6 provinces, Canada

13 states, Brazil
South Korea
Rohtak, India

6 states, USA

2 provinces, ltaly
CA, USA
Shanghai, China
Tanta, Egypt
IAand NC, USA

IAand NC, USA
IAand NC, USA

IA and NC, USA
Tessalia, Greece

IA, USA

USA

IA and NC, USA
Greece

Sweden

IAand NC, USA

6 provinces, Canada
6 provinces, Canada
USA, Canada

Germany

IAand NC, USA

Piel et al. (2017)84
Kang et al. (2008)57
Andreotti et al. (2010)58

Loetal. (2010)56
Dennis et al. (2010)77
Meyer et al. (2011)5°
Ruder et al. (2009)67
Yiin et al. (2012)68
Vopham et al. (2015)81

Govett et al. (2011)81
Pahwa et al. (2009)33

Karunanayake et al.
(2012)32

Ferreira et al. (2013)26
Chaet al. (2014)30
Kumar et al. (2014)2
Booth et al. (2015)28
Malagoli et al. (2016)2°
Rull et al. (2009)28
Wong et al. (2009)31
Azm et al. (2014)60
Silver et al. (2015)¢2

Jones et al. (2015)21
Bonner et al. (2017)76

Delancey et al. (2009)22
Kokouva et al. (2011)2
Jones et al. (2014)A
Schinasi et al. (2015)24
Mahajan et al. (2007)78
Avgerinou et al. (2017)83
Lope et al. (2008)47
Rusiecki et al. (2009)46
Pahwa et al. (2012)%4
Kachuri et al. (2013)43
Presutti et al. (2016)45

Richardson et al.
(2008)3s

Park et al. (2009)42
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Chart1. (cont.)
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Stomach
STSk
Thyroid

Uveal melanoma?

Case-control
Case-control

Case-control

Cohort
Case-control
Case-control

Cohort

Case-control
Case-control

Cross-sec-
tional

Cohort
Ecologic
Cohort
Cohort

Cohort

Cohort

Case-control
Cohort
Cohort
Cohort

Case-control

Cohort
Case-control

Case-control

Cohort
Cohort

Cohort
Case-control
Cohort

Case-control

649 cases + 1,298 controls
513 cases + 1,506 controls

75 cases + 321 controls

54,306
1,317 cases + 2,634 controls
93 cases + 82,503 controls
47,822

1,153 cases + 3,999 controls
173 cases + 162 controls

2,938

19,717
25,110,289
49,762
47,625

48986

48,378

1,778 cases + 1,802 controls
19,655
44,624
62,960

34,205 cases + 1,832,969
controls

30,003
887 cases + 11,491 controls

3,350 cases + 20,365
controls

70,570
181,842

53,588
357 cases + 1,506 controls
36,357

293 cases + 3,198 controls

Shanghai, China
6 provinces, Canada

Saskatchewan, Canada

IA and NC, USA
Brazil

[Aand NC, USA
[Aand NC, USA

Canada
CA, USA

Saskatchewan, Canada

|A and NC, USA
USA

IA and NC, USA
IA and NC, USA

IA and NC, USA

[Aand NC, USA

TX, USA

IAand NC, USA
IAand NC, USA
Great Britain

Andalusia, Spain

|A and NC, USA
Italy
Spain

Canada

France

IA and NC, USA
6 provinces, Canada
IA and NC, USA

9 European countries!

Wong et al. (2010)31
Hohenadel et al. (2011)40

Karunanayake et al.
(2013)3°

Alavanja et al. (2014)#
Boccolini et al. (2016)36
Andreotti et al. (2009)54

Christensen et al.
(2010)52

Band et al. (2011)50
Cockburn et al. (2011)4°
Sharma et al. (2016)51

Bonner et al. (2007)14
Carozza et al. (2008)17
Koutros et al. (2008)%

Mozzachio et al.
(2008)12

Greenburg et al.
(2008)1=

Van Bemmel et al.
(2008)°

Carozzaet al. (2009)18
Lynch et al. (2009)10
Bonner et al. (2010)M
Frost el al. (2011)48
Parrén et al. (2014)34

Lerro et al. (2015)7
Salerno et al. (2016)1

Gomez-Barroso et al.
(2016)18

Kachuri et al. (2017)37

Lemarchand et al.
(2017)20

Barry et al. (2012)55
Pahwa et al. (2011)80
Freeman et al., (2011)82

Behrens et al. (2012)7°

2Not significantly associated with pesticides; bcentral nervous system; chepatocellular carcinoma; ¢Hodgkin lymphoma; cacute

lymphoblastic leukemia; acute myeloid leukemia; elymphohematopoietic cancer; "myelodysplastic syndromes; imultiple myeloma; inon-
Hodgkin lymphoma; ksoft tissue sarcoma; 'Denmark, Latvia, France, Germany, Italy, Sweden, Spain, Portugal, and UK.
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Chart 2. Pesticides positively associated with cancer among studies that presented Odd Ratios, Relative Risks, or Hazard Ratios

Cancer type Pesticide Pesticide Pesticide RR, OR, or HR with p-value Comparison groupsh References
associated chemical groupe according 95% confidence for
to the pest intervals linear
it controls trend
All types EPTC Thiocarbamate  Herbicide ~ RR=1.28 (1.09-1.50) <0.01 Highly exposed (=50 LD) vs Van Bemmel et al.
non-exposed (2008)
All types Butylate Thiocarbamate  Herbicide ~ RR=1.70 (1.20-2.40) 0.01 Highly exposed (=57 LD) vs low  Lynch et al. (2009)
exposed (1-9 LD)
All types Terbufos Organophos- Insecticide  HR=1.21(1.06-1.37) >0.05  Highly exposed (>352 IWLD) vs  Bonner et al. (2010)
phate non-exposed
Bladder Imazethapyr Imidazolinone Herbicide =~ RR=2.37 (1.20-4.68) 0.01 T3, upper half 311.9 IWLD) vs  Koutros et al. (2009)
non-exposed
Bladder Imazaquin Imidazolinone Herbicide =~ RR=154 (1.05-2.26) <0.05 Ever vs never use Koutros et al. (2016)
Bladder Bentazon Thiadiazinol Herbicide ~ RR=1.55 (110-2.19) <0.05  Evervsneveruse Koutros et al. (2016)
Bladder Bromoxynil Nitrile Herbicide ~ RR=151(1.04-2.20) <0.05  Evervsneveruse Koutros et al. (2016)
Bladder Chloramben Benzoic acid Herbicide =~ RR=156 (110-2.22) <0.05  Evervsnever use Koutros et al. (2016)
Bladder Diclofop- Chlorinated Herbicide ~ RR=1.85(1.01-3.42) <0.05  Evervsnever use Koutros et al. (2016)
methyl phenol
Bladder DDT Organochlorine  Insecticide  RR=140 (110-1.80) <0.05  Evervsnever use Koutros et al. (2016)
Bladder Imazethapyr Imidazolinone Herbicide =~ RR=3.03 (1.46-6.29) 0.004 Q4 vs non-exposed, among never Koutros et al. (2016)
smokers
Bladder 2,45-T Chlorinated Herbicide  RR=2.64 (1.23-5.68) 0.02 T3 vs non-exposed, among never  Koutros et al. (2016)
phenol smokers
Bladder 2,4-D Chlorinated Herbicide  RR=1.88 (0.94-3.77) 0.02 Q4 vs non-exposed, among never Koutros et al. (2016)
phenol smokers
Bladder Glyphosate Herbicide ~ RR=193(0.95-3.91) 0.03 Q4 vs non-exposed, among never Koutros et al. (2016)
smokers
Breast Organophos- Insecticide  RR=1.20 (1.01-1.43) Ever vs never use Lerro et al. (2015)
phate
Colon Trifluralin Dinitroaniline Herbicide =~ RR=1.76 (1.05-2.95) 0.036 T3 (upper half) vs non-exposed  Kang et al. (2008)
Colon EPTC Thiocarbamate ~ Herbicide =~ RR=2.09 (1.26-3.47) <0.01 Highly exposed (> 50 LD) vs Van Bemmel et al.
non-exposed (2008)
Colon Imazethapyr Imidazolinone Herbicide ~ RR=178 (1.08-2.93) 0.02 T3 (upper half) vs non-exposed  Koutros et al. (2009)
Colon Carbofuran Carbamate Insecticide  HR=1.10 (1.04-1.17) Ever vs never use among males  Andreotti et al. (2010)
Colon Metolachlor Chloroacetanilide Herbicide — HR=1.09 (1.04-115) Ever vs never use among males  Andreotti et al. (2010)
Colon Alachlor Chloroacetanilide Herbicide — HR=1.08 (1.03-113) Ever vs never use among males  Andreotti et al. (2010)
Cutaneous  Carbaryl Carbamate Insecticide OR=1.7 (11-2.5) 0.013 Highly exposed (=56 LD) vs Dennis et al. (2010)
Melanoma non-exposed
Cutaneous  Parathion Organophos- Insecticide OR=2.4(1.3-44) 0.003  Highly exposed (=56 LD) vs Dennis et al. (2010)
Melanoma phate non-exposed
Cutaneous  Maneb/ man-  Dithiocarbamate Fungicide ~ OR=2.4(1.2-4.9) 0.006  Highly exposed (=63 LD) vs Dennis et al. (2010)
Melanoma  cozeb non-exposed
Follicular cell Metolachlor Chloroacetanilide Herbicide ~ RR=2.89 (113-7.38) 0.03 Q4 (>108.5 D) vs non-exposed ~ Silver et al. (2015)
lymphoma
Hodgkin Chlorpyrifos Organophos- Insecticide  OR=5.26 (1.56-17.79) Exposed vs non-exposed Karunanayake et al.
lymphoma phate (2012)
Hodgkin Dichlorprop Chlorophenoxy — Herbicide ~ OR=6.35 (1.56-25.92) Exposed vs non-exposed Pahwa et al. (2009)
lymphoma
Hepatocel- Organochlorine  Insecticide  OR=1.87 (117-2.99) Q4 (>14.53 kg km-2) vs others Vopham et al. (2015)
lular carci-
noma
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Chart 2. (cont.)
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Ferreira et al. (2013)
Lynch et al. (2009)
Delancey et al.

(2009)
Bonner et al. (2010)

Silver et al. (2015)
Jones et al. (2015)

Bonner et al. (2017)

Mahajan et al. (2007)

Mahajan et al. (2007)

Avgerinou et al.
(2017)

Pahwa et al. (2012)

Pahwa et al. (2012)
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Chart 2. (cont.)

Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
Multiple
Myeloma
NHLd

NHL9

NHL4

NHLd

NHLd

NHLd

NHLd

NHLd

NHL9

NHL4

NHL4

NHLd

NHLd

Ovary

Pancreatic

Pancreatic

Pancreatic

Mecoprop

Mecoprop

Carbaryl

Lindane

Captan

Carbaryl

Captan

DDT

Permethrin

Permethrin

Paraquat

Butylate

Terbufos

All pesticides

Potentially
carcinogenic
DDT
Lindane
Terbufos
Diazinon
EPTC

EPTC

Pendimethalin

Phenoxy

Phenoxy

Carbamate

Organochlorine

Phentolamine

Carbamate

Phentolamine

Organochlorine

Pyrethroid

Pyrethroid

Organic

Thiocarbamate

Organophos-
phate

Phenoxy
Organophos-
phate
Organochlorine
Organochlorine
Organophos-
phate
Organophos-
phate
Thiocarbamate

Thiocarbamate

Dinitroanilines

Herbicide

Herbicide

Insecticide

Insecticide

Fungicide

Insecticide

Fungicide

Insecticide

Insecticide

Insecticide

Herbicide
Herbicide

Insecticide

Herbicide

Insecticide

Fungicide

Herbicide

Insecticide

Insecticide

Insecticide

Insecticide

Insecticide

Herbicide

Herbicide

Herbicide

OR=1.89 (115-3.12)

OR=1.94 (119-319)

OR=2.71(1.47-5.00)

OR=2.37 (1.08-5.16)

OR=296 (140-6.24)

OR=2.02 (1.28-3.21)

OR=1.98 (1.04-3.77)

OR=144 (1.05-197)

RR=31(1.5-6.2) 0.002
RR=572(276-11.87)  <0.01
RR=151(1.01-2.26)

RR=2.94 (1.49-5.76) 0.002
HR=194 (116-3.22) >0.05
OR=1.63 (1.20-2.21) 0.01
OR=1.62 (118-2.22) 0.02
OR=1.67 (1.25-2.24) <0.01
OR=172(1.07-2.77) 0.04
OR=1.78 (1.27-2.50) 0.01
OR=169 (1.04-2.74) ~ <0.01
OR=194 (117-3.23) 0.01
RR=17 (11-2.6) 0.02
RR=25 (1.4-4.4) 0.004
RR=12(1.0-15)

RR=1.87 (1.02-3.43)

OR=1.8 (1.0-3.3)
OR=25(1-54) 0.01
OR=3.0(1.3-7.2) 0.01

Exposed vs non-exposed

Exposed vs non-exposed

Exposed vs non-exposed

Exposed vs non-exposed

Exposed vs non-exposed

Ever vs never use

Ever vs never use

Ever vs never use

Highly exposed (>50.75 LD) vs
non-exposed
Highly exposed (> 50.75 LD) vs
non-exposed

Ever vs never used

Highly exposed (=26 LD) vs
non-exposed

Moderately exposed
(107<IWLD>352) vs non-
exposed

Highly exposed (=5 pesticides) vs
non-exposed

Moderately exposed (2-4 pesti-
cides) vs non-exposed
Moderately exposed (2-4 pesti-
cides) vs non-exposed

Highly exposed (>2 pesticides) vs
non-exposed

Highly exposed (>2 pesticides) vs
non-exposed

Highly exposed (=2 pesticides) vs
non-exposed

Highly exposed (=5 pesticides) vs
non-exposed

Highly exposed (56 LD) vs non-
exposed

Highly exposed (=56 LD) vs non-
exposed

Ever vs never exposure

Ever vs never use

Ever vs never exposure

Highly exposed (> 118 IWLD) vs
non-exposed
Highly exposed (> 117 IWLD) vs
non-exposed

Pahwa et al. (2012)

Kachuri et al. (2013)

Kachuri et al. (2013)

Kachuri et al. (2013)

Kachuri et al. (2013)

Presutti et al. (2016)

Presutti et al. (2016)

Presutti et al. (2016)

Alavanja et al. (2014)

Rusiecki et al. (2009)

Park et al. (2009)
Lynch et al. (2009)

Bonner et al. (2010)

Hohenadel et al.
2011

Hohenadel et al.
201
Hohenadel et al.
201
Hohenadel et al.
201
Hohenadel et al.
201
Hohenadel et al.
(201
Hohenadel et al.
201

Alavanja et al. (2014)

Alavanja et al. (2014)

Alavanja et al. (2014)

Lerro et al. (2015)

Andreotti et al.
(2009)
Andreotti et al.
(2009)
Andreotti et al.
(2009)
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Chart 2. (cont.)

Prostate Butylate
Prostate Coumaphos
Prostate Methyl bromide
Prostate
Prostate DDT
Prostate Lindane
Prostate 3,5-dinitro-o-
cresol
Prostate Azinphos-
methyl
Prostate Carbaryl
Prostate Diazinon
Prostate Malathion
Prostate 2,4-DB
Prostate MCPA
Prostate Simazine
Prostate Copper sulfate
Prostate Dichlone
Prostate Ferbam
Prostate Maneb
Prostate Sulfur
Prostate Ziram
Prostate Captan
Prostate Terbufos
Prostate
Stomach Methyl bromide
Soft tissue  Aldrin
sarcoma
Soft tissue  Diazinon
sarcoma
Thyroid Atrazine
Thyroid Malathion

Thiocarbamate

Organophos-
phate
Organobromine

Organochlorinef
Organochlorine
Organochlorine
Organic
Organophos-

phate
Carbamate

Organophos-
phate
Organophos-
phate

Chlorinated
phenol

Chlorinated
phenol

Triazine
Inorganic
Napthoguinone
Carbamate

Dithiocarbamate

Carbamate
Phentolamine

Organophos-
phate

Organobromine
Organochlorine
Organophos-
phate

Organic

Organophos-
phate

Herbicide

Insecticide

Fungicide

Insecticide
Insecticide
Insecticide

Insecticide

Insecticide

Insecticide

Insecticide

Insecticide

Herbicide

Herbicide

Herbicide
Fungicide
Fungicide
Fungicide
Fungicide
Fungicide
Fungicide
Fungicide

Insecticide

Insecticide
+ fungicide
Fungicide

Insecticide
Insecticide

Herbicide

Insecticide

RR=144 (1.04-2.00)

RR=1.91(1.23-2.95)

OR=162 (1.02-2.59)
OR=1.64 (1.02-2.63)
OR=1.68 (1.04-2.70)
OR=2.02 (115-3.55)
OR=1.80 (1.05-3.08)

OR=1.88 (1.06-3.32)

OR=173 (1.09-2.74)
OR=193 (1.21-3.08)

OR=149 (1.02-218)

OR=219 (1.06-4.50)

OR=2.31(1.09-4.88)

OR=1.89 (1.08-3.33)
OR=174 (1.04-2.91)
OR=1.88 (1.01-3.52)
OR=1.90 (1.09-3.30)
OR=1.90 (1.09-3.30)
OR=1.81(112-292)
OR=1.83 (1.08-3.10)
OR=176 (112-2.78)
HR=1.28 (1.06-1.55)

OR=2.23 (115-4.33)

RR=313(1.25-7.80)

OR=3.71(1.00-13.76)

OR=3.31(1.78-6.23)

RR=4.84 (1.31-17.93)

RR=2.04 (114-3.63)

0.03

0.004

0.03
0.03
0.03

0.01

0.01
0.02

0.03

0.02

0.02

0.01
0.05
0.02
0.02
0.02
0.02
0.03
0.02
>0.05

0.02

0.08

Highly exposed (=57 LD) vs
non-exposed
Ever vs never use

Exposed vs non-exposed
Exposed vs non-exposed
Highly exposed vs non-exposed
Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed

Highly exposed vs non-exposed
Highly exposed vs non-exposed
Highly exposed vs non-exposed
Highly exposed vs non-exposed
Highly exposed vs non-exposed
Highly exposed vs non-exposed
Highly exposed vs non-exposed
Low exposed vs non-exposed

Moderately exposed
(107<IWLD>352) vs non-
exposed

Men exposed vs non-exposed

Highly exposed (>765 IWLD) vs
non-exposed
Exposed vs non-exposed

Exposed vs non-exposed
Q4 (>178 5 1WLD) vs Q1(<20

IWLD)
Ever vs never use

Lynch et al. (2009)

Christensen et al.
(2010)

Cockburn et al. 2011
Cockburn et al. 201
Band et al. (2011)
Band et al. (2011)
Band et al. (2011)

Band et al. (2011)

Band et al. (2011)
Band et al. (2011)

Band et al. (2011)

Band et al. (2011)

Band et al. (2011)

Band et al. (2011)
Band et al. (2011)
Band et al. (2011)
Band et al. (2011)
Band et al. (2011)
Band et al. (2011)
Band et al. (2011)
Band et al. (2011)
Bonner et al. (2010)

Sharma et al. (2016)

Barry et al. (2012)

Pahwa et al. (2011)

Pahwa et al. (2011)

Freeman et al. (2011)

Lerro et al. (2015)

2Acute lymphoblastic leukemia. PAcute myeloid leukemia. cLymphohematopoietic cancer. Non-Hodgkin lymphoma. eAccording to the Pesticide Management Education
Program (http:/pmep.cce.cornell.edu/profiles/index.html). Dicofol, dieldrin, dienochlor, endosulfan, heptachlor, lindane, methoxychlor, and toxaphene. ¢OR= Odd Ratio;

RR=Relative Risk; HR= Hazard Ratio. "LD=lifetime days of pesticide use, i.e., the product of years of use of a specific pesticide and the number of days used per year; IWLD=

intensity-weighted lifetime days of use, i.e., the product of lifetime days of use and a measure of exposure intensity; T3= third tertile, Q4=fourth quantile.
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Chart 3. Registration status of pesticides positively associated with cancer - European Union, United States, and Brazil

Pesticide Registration Status

European Union2 United States® Brazil<
245-T Not Approved Banned or Severely Restricted  Banned
2,4-D Approved Banned or Severely Restricted  Approved, but under review
2,4-DB Approved Registration Review Banned
3,5-dinitro-o-cresol Not registered Not registered Not registered
Aldrin Not Approved Banned or Severely Restricted Banned
Alachlor Not Approved Reregistration Approved
Atrazine Not Approved Registration Review Approved
Azinphos-methy! Not Approved Banned or Severely Restricted  Not approved
Bentazon Approved Registration Review Approved
Bromoxynil Approved Registration Review Approved
Butylate Not Approved Registration Review Banned
Captan Approved Registration Review Approved
Carbaryl Not Approved Registration Review Approved
Carbofuran Not Approved Banned or Severely Restricted Banned
Chloramben Not Approved Approved Banned
Chlorimuron ethyl Not Approved Registration Review Approved
Chlorpyrifos Approved Registration Review Approved
Copper sulfate Approved Registration Review Approved
Coumaphos Not Approved Registration Review Not registered
d-Allethrin Not Approved Registration Review Approved
DDT Not Approved Banned or Severely Restricted Banned
Diazinon Not Approved Registration Review Approved
Dichlone Not Approved Approved Not registered
Dichlorprop Not Approved Approved Approved
Diclofop-methyl Approved Registration Review Approved
d-phenothrin Not Approved Registration Review Approved
EPTC Not Approved Registration Review Banned
Esbiothrin Not registered Registration Review Approved
Ferbam Not Approved Reregistration Not registered
Glyphosate Approved Registration Review Approved, but under review
Imazaquin Approved Registration Review Approved
Imazethapyr Not Approved Registration Review Approved
Imiprothrin Not registered Registration Review Approved
Lindane Not Approved Banned or Severely Restricted Banned
Malathion Approved Registration Review Approved
Maneb Not Approved Registration Review Banned
Mancozeb Approved Reregistration Approved
MCPA Approved Registration Review Approved
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Chart 3. (cont.)

Mecoprop (MCPP) Not Approved
Methyl bromide Not Approved
Metolachlor Not Approved
Metribuzin Approved

Paraquat Not Approved
Parathion Not Approved
Pendimethalin Approved

Permethrin Not Approved
Prallethrin Not registered
Simazine Not Approved
Sulfur Approved

Terbufos Not Approved
Tetramethrin Not Approved
Trifluralin Not Approved
Ziram Approved

Reregistration Not registered
Registration Review Approved

Registration Review Approved

Registration Review Approved

Approved Restricted, but banned

starting in 2020

Banned or Severely Restricted Banned

Registration Review Approved
Registration Review Approved
Registration Review Approved
Registration Review Approved
Registration Review Approved
Registration Review Approved
Registration Review Approved
Registration Review Approved
Reregistration Banned

aEuropean Comission. EU Pesticides database [internet]. [accessed 2018 Aug 29]. Available at: http://ec.europa.eu/food/plant/pesticides/
eu-pesticides-database/public/?event=activesubstance.selection&language=EN.

bUSEPA. [internet]. [accessed 2018 Aug 29]. Available at: https://iaspub.epa.gov/apex/pesticides/f?p=CHEMICALSEARCH:1: and http:/
scorecard.goodguide.com/chemical-groups/one-list.tcl?short_list_name=brpest.

cANVISA. [internet]. [accessed 2018 Aug 29]. Available at: http:/portal.anvisa.gov.br/registros-e-autorizacoes/agrotoxicos/produtos/

monografia-de-agrotoxicos.

Discussion

From the 53 pesticides listed in chart 2 relating
to at least one type of cancer, most are still
being used in the United States (44) and Brazil
(34) (chart 3). From this list, only 8 pesticides
are currently not approved nor registered,
banned or severely restricted in the United
States, the European Union, and Brazil: 2,4,5-T,
3,5-dinitro-o-cresol, aldrin, azinphos-methyl,
carbofuran, DDT, lindane, and parathion. The
pesticides mostly related to cancers fell into
the category of the herbicides (24), insecti-
cides (19), and fungicides (9) (chart 2). The
most frequent chemical groups associated
with cancers included organophosphates,
pyrethroids, organochlorines, and thiocar-
bamates (chart 2).

Results from the Agricultural Health
Study (AHS), a prospective cohort of licensed
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pesticide applicators from Iowa and North
Carolina (USA), indicated that the highest
levels of EPTC® and butylate© lifetime expo-
sure days (L.LD) were associated to all cancers.
Additionally, moderate and high exposures to
terbufos also increased overall cancer hazard
ratio™. On the other hand, some cohort studies
investigated specific pesticides such as chloro-
thalonil®2, captan®, malathion', and dichlor-
vos™s, although not finding any association
with cancer.

To reside near crops was reported to in-
crease cancer risk in children younger than
14% or 15 years old". However, another study
evaluated several types of childhood cancers
and was not able to find any significant associa-
tion with residence near agricultural fields.

Being a farmer also significantly increased
overall cancer risk (OR=1.459, 95% CI:1.229-
1.731) when compared to non-farmers of the



same gender and age range. Lemarchand et
al.20 also observed significantly higher overall
cancer risk among male farm workers, mea-
sured by the Standardized Incidence Ratio
(SIR) 0f 1.07,95% CI: 1.03-1.12.

Several studies analyzed neoplasms of the
hematopoietic and lymphoid tissues (LHC)
and found significantly increased risk in people
living in a farm? or near crops' exposed to
pesticides22-24 butylate herbicide®, metribuz-
in herbicide??, or terbufos insecticide™.

Leukemia primarily affects children.
Several studies found association between
different types of childhood leukemia and
pesticide exposure?527, Residing near certain
crops?8, or in counties of high level of agricul-
tural activity", was also found to significantly
increase the risk of childhood cancer. Although
Malagoli et al.2? could not find statistically
significant results, they suggested that child-
hood leukemia risk increased when the child
resides near arable crops. Children who were
borninrural areas (RR=143, 95% CI:1.09-1.86,
p-trend= 0.003) or in counties with the highest
farming index (RR= 1.33, 95% CI: 1.04-1.69)
or pesticide exposure index (RR=1.30, 95%
CI: 1.02-1.66) faced significantly higher risk
to die from leukemia3°. In adults, increased
leukemia risk was significantly associated with
exposure to EPTC herbicide® and terbufos
insecticide™. Other risk factors related to a
farm life such as living on a farm, planting
crops, raising livestock or animals, working as
farm workers or in the agricultural industry,
and exposures to insecticides or fertilizers3'.

Hodgkin Lymphoma (HL) in males of 19
years of age or older was significantly associ-
ated with exposure to the organophosphate
insecticide chlorpyrifos32 and the herbicide
dichlorprop33. Hodgkin’s disease and Non-
Hodgkin Lymphoma (NHL) were significantly
reduced in districts with low pesticides expo-
sure compared to those with high exposure34.

Non-Hodgkin lymphoma risk factors
include: being an agricultural worker35-37 or
a farmer35:38:39; living in a farm or in commu-
nities between 1,000 and 10,000 people3®;

Pesticide exposure and cancer: an integrative literature review

being exposed to pesticides3?, potentially
carcinogenic pesticides49, herbicides35:38:40,
insecticides3840, or fungicides4?- Some specific
insecticides such as DDT#, lindane#, and ter-
bufos™#, as well as some specific herbicides
such as butylate' and paraquat4?, were also
associated with higher risk of NHL.
Multiple myeloma was associated to six
specific types of pesticides. Otherwise, results
were contradictory for captan fungicide and
carbaryl insecticide. While three case-control
studies3-45 showed that these pesticides in-
creased MM risk, one cohort study#! could not
find significant associations. Different results
also appeared for DDT and lindane insecti-
cides. Presutti et al.45 found DDT to be linked
to MM, but could not trace significant correla-
tion between lindane and MM. Conversely,
Kachuri et al.#3 and Pahwa et al.44 found DDT
not to be linked to MM, while lindane showed
a significant association. Two cohort studies
investigated permethrin insecticide#46, and
other two case-control studies4344 investigated
mecoprop herbicide, and they all found sig-
nificant high MM risk. Consistency was also
seen among the four studies about not finding
significant associations between malathion
and MM#4143-45_ Furthermore, increased risk
of MM was seen among men who reported
the use of fungicides, pesticides classified as
probably carcinogenic or higher, using at least
one carbamate pesticide, one phenoxy herbi-
cide, and 3 organochlorines#3. Occasional, al-
though intense, use of pesticides or herbicides
by men also caused a significant MM excess
risk (RR=1.20, 95% CI: 1.07-1.34)47. Female
crop farmers37, as well as female and male
pesticide users?8, suffered higher incidences
of MM. Similarly, a study2® observed higher
risks among males and females who work in
farms and among male farm owners (SIR=1.59
95% CI:1.29-1.95) and male users of pesticides
on crops (SIR=1.49, 95% CI: 1.19-1.84).
Although the main risk factors, i.e., age,
black race, family history, related to pros-
tate neoplasm are already identified, this
integrative review revealed that exposure
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to butylate1, methyl bromide4?, a group of
organochlorine insecticide4?, and terbufos™
were found to increase the risk. High ex-
posure to the (i) insecticides DDT, lindane,
3,5-dinitro-cresol, azinphos-methyl, carbaryl,
diazinon, malathion, (ii) herbicides 2,4-DB,
MCPA, simazine, and (iii) fungicides copper
sulfate, dichlone, ferbam, maneb, sulfur, ziram
significantly increased prostate cancer risk
in males5951, Prostate cancer risk was higher
among male agricultural workers2937 and men
exposed to coumaphos who reported a family
history of that cancer52,

Primary testicular tumors are the most
common solid malignant tumor in men aged
20 to 34 years in the United States53 and its
cause is still unknown, although a study has
evidenced that its incidence was significantly
higher among male pesticide users (SIR=1.26,
95% CI: 1.04-1.53)48,

Among malignant neoplasms of digestive
organs, the herbicides EPTC and pendi-
methalin were associated with pancreatic
cancer among pesticide applicators and
their spouses3”54, Stomach cancer risk sig-
nificantly increased with exposure to methyl
bromides5 and in districts with greater pes-
ticide use34. Colorectal cancer risk was sig-
nificantly higher among farmers (OR=1.529,
95% CI:1.011-2.314)", those exposed to pes-
ticide (OR=2.6, 95% CI: 1.1-5.9), and those
primarily sourcing food directly from farms
(OR=4.6,95% CI:1.5-14.6)5. A higher preva-
lence of colon cancer was also observed
among male pesticide applicators exposed
to EPTC?, trifluralin5?, carbofuran, meto-
lachlor, and alachlor58. Esophagus cancer
deaths were, in general, significantly higher
(OR=1.38,95% CI:1.26-1.51) among agricul-
tural than among non-agricultural workers
in the south region of Brazil, an area with
intense pesticide use5. The Hepatocellular
Carcinoma (HCC) can be affected by several
factors, and pesticide exposure may contrib-
ute to non-B and non-C HCC in areas with
high level of agricultural activity17.34.60-62,
In contrast, Jeephet et al.¢3were not able
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to find statistically significant associa-
tion between pesticide use and cholangio
carcinoma.

Central nervous system tumors increased
among farmers (HR= 173, 95% CI: 1.01-2.94)¢4,
pesticide applicators (HR= 1.96; 95% CI: 1.11-
3.47)84 and children living in countries with
high level of agricultural activity (OR= 1.3, 95%
CI: 1.1-14)". Brain cancer prevalence34 and its
mortalityé56 showed significantly higher rates in
districts with greater pesticide use. Glioma was
associated with never changing clothes (OR=2.84,
95% CI: 1.04-7.78) or never washing face and
hands (OR=3.08,95% CI:1.78-5.34) immediately
after applying pesticidess’. Controversially, a
study investigating pesticide applicators did not
find any positive association between glioma and
farm pesticide use®8.

As for malignant neoplasms of female
genital organs, a study®® investigated risk
factors for cervical cancer and could not find
any association with insecticides. The result
was anticipated, once most cervical cancer
cases are caused by the human papillomavi-
rus, a well-known risk factor. Ashley-Martin
et al.70 did not find significant associations
between breast cancer and fungicide exposure.
However, Salerno et al.’® observed that farmers
were at significantly higher risk for breast
cancer (OR=1.720, 95% CI: 1.039-2.846), and
Lerro et al.” found organophosphate insecti-
cides to be associated with breast tumor and
diazinon to significantly increase the risk of
ovarian cancer.

Among malignant neoplasms of urinary
tract, bladder cancer revealed to be the most
common type associated with pesticides. The
prevalence was significantly higher in districts
with greater pesticide use34. Any use of ima-
zethapyr, imazaquin, bentazon, bromoxynil,
chloramben, and diclofop-methyl herbicides
increased the risk of bladder cancer, as did
the insecticide DDT solely?273. In contrast, a
study? investigating risk factors for bladder
cancer among farm workers could not find any
significant increasing risk for pesticide expo-
sure, whilst significant high risk was observed



among field-grown vegetable workers. Renal
tumors were associated with living in counties
with high level of agricultural activity (OR=2.1,
95% CI: 1.7-2.6)".

Lung cancer is the primary contributor
of malignant neoplasms of respiratory and
intrathoracic organs. After controlling for
several factors including smoking, which is
the most common risk factor, lung cancer
among pesticide applicators from the AHS
cohort was significantly associated to high
exposure to the organophosphate insecti-
cide diazinon (RR=1.60, 95% CI:1.11-2.31)75.
The highest quartile of use of the herbicide
chlorimuron ethyl showed high risk of lung
cancer’s. Significantly higher prevalence
was also observed in districts with greater
pesticide use34.

Cutaneous melanoma incidence among pes-
ticide applicators was significantly increased
by the exposure to parathion and carbaryl
insecticides and maneb/mancozeb fungicide
after adjusting for risk factors??78. A higher
risk for skin melanoma (SIR=1.30, 95% CI:
1.00-1.66) was observed among female farm
workers20, Additionally, an increased mela-
noma hazard ratio among male agricultural
workers and female crop farmers was also
identified3. A study investigated uveal mela-
noma but could not find positive associations
with activities of farming, pesticide applica-
tion, or pesticide mixing?®.

Soft Tissue Sarcoma (STS) was significantly
associated to also exposure to aldrin and diazi-
non among men aged 19 years or older8° as to
with high level of agricultural activity (OR=1.7,
95% CI: 1.4-2.0)V. Among British women, it
was observed that pesticide users died more
often from STS than the national population48.
Malignant bone tumors were associated to
living in counties with high level of agricul-
tural activity (OR=2.3, 95% CI: 1.8-2.9)".

Head and neck cancer was reported among
men and women residing in rural areas®!. Thyroid
cancer risk increased with malathion?'and atra-
zine exposure82, Lip cancer risk was significantly
higher among male agricultural workers (HR=

Pesticide exposure and cancer: an integrative literature review

2.14,95% CI:1.70-2.70)37 and male farm workers
(SIR=2.87,95% CI:1.61-4.74)20.

Myelodysplastic Syndromes (MDS) were
significantly associated to ever exposure to
pesticides (OR=2.47, 95% CI: 1.44-4.24), in-
secticides (OR=3.34, 95% CI: 1.62-6.90) and
herbicides (OR= 2.27, 95% CI: 1.14-4.51), but
not to fungicides®3. Paraquat was the only
specific pesticide to positively and signifi-
cantly associate with MDS (OR= 4.90, 95%
CI: 1.05-22.75).

The choice for an integrative review may be
considered one of the strengths of this study,
since it is the only approach that allows for
combining results of different methodologies.
This study has the potential to enable for the
diversity in primary research to be summa-
rized and to become an instrument also for
medical professionals that deal with cancers
as for decision-makers responsible for making
the public policies, once risks to populations
were identified.

As for its limitations, this study focused on
a very wide topic that encompassed all kinds
of pesticides and cancers, which may have led
to the loss of specific details. Second, it was
only able to analyze the registration status of
pesticides in the United States, Brazil, and the
European Union, since most of the papers re-
trieved from the Medline/PubMed database
belonged to those places. It would certain be
beneficial to further add other countries to the
comparison. It is important to note that half of
the studies retrieved were carried out in the
USA, being 25 published by AHS researchers.
Epidemiologic evidence outside the AHS cohort
remains limited as far as associations observed
for specific pesticides and cancer types are con-
cerned. Third and last, this study did not discuss
potential mechanisms of action of pesticides
that could have improved the study.

Conclusions

This integrative literature review showed
that the risk of several cancer types increased
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significantly with exposure to several types
of pesticides, most of which are still in use
in the United States and Brazil. Although a
few studies presented contradictory results,
being a farmer or living near crops or high
agricultural areas have also been used as a
proxy for pesticide exposure and significantly
associated with higher cancer risk.

In general, the literature is well illustrated
in the case of prostate cancer, NHL, leuke-
mia, multiple myeloma, bladder and colon
cancers. Studies that further investigate the
relationship between pesticide and neoplasms
of testis, breast, esophagus, kidney, thyroid, lip,
head/neck, and bone are recommended. It is
hoped that this study can be used as a refer-
ence material and will contribute to future
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